Introduction
Glioma is the most common malignant primary brain tumor. 1 Despite great breakthroughs in diagnosis and treatment, the clinical efficacy and prognosis of glioma patients have not improved significantly. Glioblastoma, in particular, has a 5-year survival rate of only about 5%, making it one of the most difficult tumors to treat nowadays. 2 According to 2016 World Health Organization (WHO) standards, glioma is classified into I-IV grades, 3 different grades of glioma have great differences in treatment. 4 New strategies for tumor therapy are also increasingly focusing on the use of appropriate prognostic factors for appropriate risk classification and design of subsequent treatment for tumor patients. Although researchers have found a large amount of molecular markers for glioma, such as: MGMT, IDH1/IDH2, and Ki-67, [5] [6] [7] [8] [9] these are not available preoperatively. Therefore, a simple and reliable preoperative scoring system is needed to predict the grade and prognosis of glioma patients, and provide a treatment strategy accordingly. Previously, the brain was considered an immune-privileged organ due to the presence of the blood-brain barrier (BBB). 10 Nowadays, with the continuous progress of research, researchers gradually found that tumor related inflammation plays an important role in the progression and survival of tumor patients. 11 Cancer-related inflammation, as the 7th hallmark of cancer, was proven to promote the tumor cell proliferation, invasion, and accelerate the metastasis. 12 Like other malignancies, the occurrence and development of gliomas have also been demonstrated to be closely related to the inflammatory state and immune response. [13] [14] [15] [16] To date, studies have suggested that high neutrophil to lymphocyte ratio (NLR) was correlated with an unfavorable prognosis in many malignancies, including gliomas. 17 In terms of systemic inflammatory response, the coagulation cascade also plays a key role in tumor progression and metastasis. 18 Fibrinogen, a key factor in the coagulation cascade, has been reported as a key regulator of cancer progression. 19 Recently, studies have shown that hyperfibrinogenemia is associated with poor prognosis of gliomas. 20 In addition, albumin and globulin, as the main components of serum protein, are closely related to nutritional status and immune system activity. Albumin-to-globulin ratio (AGR) is considered to be an effective combination of two strong prognostic factors, it had been reported that lower AGR predicted poorer survival outcomes of many malignant tumors, including glioblastoma. 21 Additionally, NLR, fibrinogen, and AGR have important prognostic significance in glioma patients and represent different pathophysiological mechanisms closely related to the prognosis of glioma patients. Because they are relatively independent and complementary, in order to provide a more accurate and comprehensive prognostic assessment tool for glioma patients, a novel prognostic scoring system based on plasma fibrinogen, NLR and AGR was proposed.
The aim of the present study was to assess correlation of F-NLR-AGR scoring system with glioma grading and overall survival (OS) in patients with glioma, so as to further clarify the clinical significance of F-NLR-AGR scoring system.
Materials and Methods Patients
We conducted a retrospective study of glioma patients who underwent surgery in the Department of Neurosurgery, General Hospital of Ningxia Medical University between January 2010 and August 2016. The main inclusion criteria were as follows: 1) patients underwent surgical treatment and had a pathological diagnosis of gliomas; 2) tumor located in the supratentorial hemisphere; 3) patients with intact data of peripheral blood examination within 1 week before operation, including: blood routine, blood biochemistry and coagulation. 4) Complete clinical data. The main exclusion criteria were as follows: 1) patients had received preoperative treatment (including corticosteroid therapy); 2) patients with hematological disorders, active infectious diseases, or autoimmune diseases; 3) patients had other primary tumor; 4) tumor was recurrent glioma; 5) patients with a history of venous thrombosis or blood transfusion within the past 3 months; 6) patients with a history of infection within the past 1 month; 7) patient died during the perioperative period. According to inclusion and exclusion criteria, 203 patients were enrolled in the study. The last date of follow-up was 31th July 2019. OS was defined as the duration from the date of surgery to death. The Ethics Committee of Ningxia Medical University approved this study and requirement for signed informed consent from patients was waived because of the retrospective nature of the analysis. All patient data were treated with confidentiality, in accordance with the Declaration of Helsinki.
Data Collection
Based on the electronic medical record system, the patients' clinical parameters were collected, including: gender, age, Karnofsky performance status (KPS), tumor location, tumor size, tumor grade (I/II/III/IV by WHO classification), extent of resection, postoperative adjuvant chemoradiotherapy, postoperative intracranial infection, preoperative fibrinogen, white blood cell (WBC) count, preoperative neutrophil count, preoperative lymphocyte count, preoperative albumin level, preoperative globulin level.
Calculation of the F-NLR-AGR Score
Preoperative laboratory examination data, including neutrophil count, lymphocyte count, and the levels of fibrinogen, serum albumin, and globulin were collected to evaluate the F-NLR-AGR score. The calculation formulas of NLR and AGR were as follows: NLR = neutrophil count/lymphocyte count, AGR = albumin/globulin; Receiver operating characteristic (ROC) curve analysis was performed to identify the optimal cut-off for the preoperative NLR, AGR and fibrinogen, so as to predict prognosis and establish the F-NLR-AGR scoring system. The cut-off values were 1.90 for NLR, 1.54 for AGR, and 2.61 g/L for fibrinogen (sensitivity, specificity and AUC: 68.0%, 63.2% and 0.667 for NLR; 54.7%, 71.1% and 0.600 for AGR; 80.4%, 67.9% and 0.770 for fibrinogen, respectively); Figure 1A -C. According to these cut-off values, the F-NLR-AGR score was calculated as follows: patients with high NLR (>1.90), low AGR (<1.54), and elevated fibrinogen (>2.61 g/L) were defined as a score of 3 (three abnormalities), if any two of three parameters met previously mentioned standards they were defined as a score of 2 (two abnormalities), if only one parameter met previously mentioned standards they were defined as a score of 1 (one abnormality), and if all three parameters failed to meet the standards they were defined as a score of 0 (no abnormality).
Statistical Analysis
Receiver-operating characteristic (ROC) curve analysis was used to determine the optimal cut-off values for NLR, AGR and fibrinogen. Chi-squared test was performed to evaluate the relationship between the four F-NLR-AGR groups and other clinical variables. Categorical variables and continuous variables were presented as number and mean ± SD, respectively. Survival analysis was performed using the Kaplan-Meier survival curve. Cox proportional hazard regression model was used for univariate and multivariate analysis of clinical variables to determine the independent prognostic factors. Spearman's rank correlation was used to analyze the correlation between NLR, AGR and fibrinogen, and the correlation between F-NLR-AGR and WHO grade. P values < 0.05 were considered statistically significant and all reported P values were two sided. All statistical analyses were performed with SPSS software version 22.0 (IBM Corporation, Armonk, NY, USA).
Results

Clinical Characteristics
A total of 203 patients (56.2% male and 43.8% female) with glioma were included in this study, ranging from 6-75 years old and mean age was 44±14.61 years. Of the enrolled patients, the distribution of tumors was as follows: frontal lobe (86, 42.4%), temporal lobe (48, 23.6%), parietal (34, 16 .7%), occipital (12, 5.9%), insular (12, 5.9%) and others (11, 5.4%). The KPS were ≥70 in 141 (69.5%) patients and <70 in 62 (30.5%) patients. There were 75.4% of patients with a gross total resection, and there were 109 (53.7%) cases who received adjuvant therapy including radiotherapy or chemotherapy after surgery. The mean pre-treatment white blood cell (WBC), neutrophil, lymphocyte counts were 6.48±2.15×109/L, 3.94±1.84×109/L and 1.96±0.69×109/L, respectively. The mean pre-treatment fibrinogen, NLR and AGR were 2.77±0.86 mg/dL, 2.28±1.72 and 1.52±0.30, respectively. Approximately 19.2% of patients had F-NLR-AGR 0, 34.0% had F-NLR-AGR 1, 33.0% had F-NLR-AGR 2, 13.8% had F-NLR-AGR 3 (Table 1) .
Correlations Between Clinical Parameters and F-NLR-AGR
We first used Spearman's rank correlation analysis to determine the correlation between fibrinogen, NLR and AGR. The results showed that fibrinogen was positively correlated with NLR ( Figure 2A ) and negatively correlated with AGR ( Figure 2B ), while there was no correlation between NLR and AGR. Moreover, we explored the relationship between WHO grade and the three parameters of fibrinogen, NLR and AGR. Compared with low-grade (WHO grade Ⅰ+Ⅱ), the increase of fibrinogen ( Figure 3A ) and NLR ( Figure 3B ) levels was more significant in high-grade (WHO grade Ⅲ+Ⅳ), while no significant association was found between WHO grade and AGR ( Figure 3C ). The correlation between F-NLR-AGR and glioma grade was further evaluated, and the result showed that F-NLR-AGR was positively correlated with glioma grade (r=0.278, P<0.01). Higher preoperative F-NLR-AGR of 2 and 3 were observed for patients with a higher WHO grade (P<0.001) ( Figure 3D ). We also estimated the association between the F-NLR-AGR and other clinical parameters of patients with glioma, and significant differences were observed among the F-NLR-AGR 0, 1, 2, 3 groups in terms of WHO grade (P<0.001) and intracranial infection (P=0.015). However, there were no significant differences in the distribution of gender, age, tumor location, tumor size, extent of resection, KPS score and adjuvant chemoradiotherapy ( Table 2) .
Survival Analysis of F-NLR-AGR
Kaplan-Meier curves for OS based on preoperative fibrinogen, NLR and AGR demonstrated that patients with high fibrinogen (≥2.61 g/L), high NLR (≥1.90) and low AGR (≤1.54) had significantly shorter OS than those with low fibrinogen (<2.61 g/L), low NLR (<1.90) and high AGR (>1.54) [(P<0.001 for all), Figure 4A -C]. KaplanMeier analysis was also used to determine the survival differences among the four groups divided by F-NLR-AGR score, the three-year OS rate and the mean overall survival in patients with F-NLR-AGR 3 were lower than those of patients with F-NLR-AGR = 2, 1 or 0 [17.6% vs 35.2%, 66.9% or 83.7% (26.0 vs 39.0, 64.0 or 81.0 months), P< 0.001, (Figure 4D) ]. Abbreviations: NLR, neutrophil to lymphocyte ratio; AGR, albumin to globulin ratio; KPS, Karnofsky performance status; F-NLR-AGR, combination of fibrinogen, albumin to globulin ratio and neutrophil to lymphocyte ratio. Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AGR, albumin-to-globulin ratio; F-NLR-AGR, combination of fibrinogen, albumin to globulin ratio and neutrophil to lymphocyte ratio. , and F-NLR-AGR score (P<0.001) were independent prognostic factors for OS (Table 3) .
Univariate and Multivariate Analyses for OS
Discussion
Although great progress has been made in the diagnosis and treatment of glioma, there is still a lack of comprehensive preoperative assessment tools to appropriately classify the risk of glioma patients, thereby guiding further individualized treatment. In this study, we analyzed the preoperative fibrinogen, NLR and AGR of 203 glioma patients, and combined these three prognostic parameters to establish a novel F-NLR-AGR scoring system. As far as we know, this is the first study to determine the clinical significance of the F-NLR-AGR scoring system in patients with malignancies. There is increasing evidence that has revealed that activation of coagulation cascade plays an important pathophysiological role in tumor progression. Fibrinogen, a key factor in the coagulation cascade, has been reported as a crucial regulator of tumor progression and systemic inflammatory response in various malignant tumors. Hyperfibrinogenemia has also been reported to be associated with the high invasiveness of malignant tumors, including gliomas. 20 Although many studies have found the link between hyperfibrinogenemia and malignancy, the mechanism remains unclear. Possible reasons are as follows: fibrinogen builds a provisional framework in the tumor extracellular matrix, which promotes tumor angiogenesis and increases the potential of tumor cell adhesion, migration and invasion. [22] [23] [24] Furthermore, the tumor cellassociated platelet-fibrin deposition forms a physical barrier on the periphery of tumor cells, preventing NK cells from making contact with target tumor cells, thereby reducing the clearance rate of tumor cells. 25 Fibrinogen, as an acute-phase protein, is usually released in the presence of malignant tumors or systemic inflammation. It has been reported that interleukin-6 produced by cancer cells can stimulate the host to release fibrinogen, 26 cancer cells can also synthesize fibrinogen by themselves. The resulting fibrinogen in turn promotes tumor proliferation and angiogenesis by interacting with VEGF and fibroblast growth factor-2. 27, 28 In the present study, we also further found that glioma patients with high preoperative fibrinogen had shorter OS than those with low preoperative fibrinogen. Therefore, preoperative plasma fibrinogen is an indispensable parameter for predicting the prognosis of gliomas. Recently, there has also been a large number of evidence suggesting that inflammation is closely related to the occurrence and development of malignant tumors, the concept of cancer-related inflammation has also been proposed. 29 Some inflammatory parameters have been associated with adverse clinical outcomes of gliomas and have the ability to predict prognosis of gliomas. 30 Among them, the most representative is NLR, which is calculated by dividing the neutrophil count by the lymphocyte count. 31 Meanwhile, the neutrophil- Abbreviations: NLR, neutrophil-to-lymphocyte ratio; AGR, albumin-to-globulin ratio; OS, overall survival; F-NLR-AGR, combination of fibrinogen, albumin to globulin ratio and neutrophil to lymphocyte ratio.
lymphocyte ratio (NLR) has been proposed as an indicator of cancer-related inflammation. 32 Lymphocytes, as important components of anticancer immunity, have key functions in suppressing tumor migration and proliferation. 33 Neutrophils, in contrast, have been shown to play a positive role in tumor angiogenesis and metastasis. 34 The recruitment of neutrophils and lymphocytes plays a critical role in the pathogenesis of gliomas. 14 Like other solid tumors, increased peripheral neutrophil to lymphocyte ratio (NLR) is associated with poor prognosis in gliomas. 17 Our study also demonstrated that glioma patients with high NLR have shorter OS than patients with low NLR. Therefore, NLR can represent cancer-related systemic inflammation response to evaluate the prognosis of gliomas. AGR, as an effective combination of two strong prognostic factors, can reflect nutrition status and systemic inflammation in cancer patients. 35 Albumin is the largest component of serum protein and plays a vital role in the human body. Low albumin is not only a symbol of malnutrition, but also closely associated with inadequate antitumor immunity. 36, 37 It directly and indirectly leads to decreased capacity for treatment tolerance, increased mortality, and worse quality of life in the postoperative period. 38 Globulin is a comprehensive protein which contains certain immunoglobulins and other acute-phase proteins, such as CRP, complements, et al. 39, 40 These proteins are produced in a state of inflammation; an increased level of globulin is thought to reflect the presence of continuous systemic inflammation. 41 Previous studies have shown that chronic inflammation stimulates the occurrence, proliferation, survival, metastasis and recurrence of cancer; 42 low AGR can be used as an immunonutritional marker to identify glioblastoma patients with poor prognosis. 43 Based on all of this, low AGR may relatively indicate malnutrition, inadequate antitumor immunity, existance of cancer-related inflammation or both, all of these are unfavorable for cancer prognosis. In the present study, we also further observed that glioma patients with high preoperative AGR had longer OS than those with low preoperative AGR. Therefore, AGR can represent immunonutritional status to evaluate the prognosis of glioma patients. In recent years, many studies have established a series of scoring systems to evaluate the prognosis of malignant tumors based on preoperative hematological indicators. For example, combining fibrinogen and NLR to produce F-NLR score, 44 combining fibrinogen and albumin to produce FA score, 20 dividing albumin by NLR to produce ANS score, 45 and so on. However, these scoring systems are still not comprehensive enough. Therefore, on the basis of these existing scoring systems, we have developed a novel scoring system based on fibrinogen, neutrophillymphocyte ratio (NLR) and albumin-globulin ratio (AGR), which is the F-NLR-AGR scoring system. In order to verify the significance of the F-NLR-AGR scoring system, a retrospective study of 203 glioma patients showed that F-NLR-AGR score was an independent predictor of prognosis, the three-year OS rate and the mean overall survival gradually decreased with the increase of patients' F-NLR-AGR score. It should be noted that although the whole scoring system had P value of <0.001, score 1 was not statistically significant (Table 3) . This may be due to the fact that we used score 0 as the reference variable and the prognostic difference between score 0 and score 1 was not significant enough. In addition, the correlation between F-NLR-AGR score and glioma grade was further evaluated, and the result showed that F-NLR-AGR score was positively correlated with glioma grade. In the subgroup of F-NLR-AGR 3 and 2, the number of patients with high-grade (WHO grade Ⅲ+Ⅳ) gliomas was significantly more than those with low-grade (WHO grade Ⅰ+Ⅱ) gliomas. In the future, the F-NLR-AGR score can be validated as predictive factor of the pathological grade of glioma with results of more studies. Our study had certain limitations. First, this was a retrospective analysis with a single-center design, which may have introduced selection bias. Second, this study did not further clarify which parameters were abnormal in F-NLR-AGR score 1 and 2 groups, so the difference in the prognostic effects of different pathophysiological mechanisms is unclear. Third, molecular markers such as MGMT, IDH status and ki-67 were not included in the study because the immunohistochemical analysis results of some early cases were incomplete. Fourth, with limited data availability, some confounding factors, such as liver disease, malnutrition, BMI information and anticoagulation treatment information (heparin subQ or home oral anticoagulants), may affect preoperative albumin and fibrinogen levels, but cannot be analyzed. Furthermore, sensitivity and specificity for fibrinogen, NLR, AGR are very moderate. Therefore, a future multicenter cohort prospective study with larger samples and more comprehensive data should be conducted again to further validate the scoring system.
Conclusion
In any case, WHO grade is still the gold standard for evaluating the prognosis and treatment selection of gliomas. However, WHO grade can only be obtained through postoperative pathology, which undoubtedly brings difficulties to preoperative survival prediction and further treatment decisions. Thus, as a simple, convenient, cheap, easily acquired parameter in clinical practice, the F-NLR-AGR score can be used as a novel preoperative assessment tool to predict the prognosis of glioma patients, thereby guiding further individualized treatment. In addition, it may serve as a complementary to the WHO grade to identify high-risk patients among patients with the same WHO grade.
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